Abstract This review will highlight the indications and benefits of office-based therapy for recurrent respiratory papillomatosis (RRP) and discuss the utilization of photodynamic lasers and adjuvant medical therapy in officebased settings. Office-based management of RRP allows for more timely interventions, is preferred by the majority of patients, and negates the risk of general anesthesia. Current literature argues for the utilization of KTP laser over CO 2 laser for office-based treatment of RRP. Medical therapies for RRP are limited, but agents such as bevacizumab are promising and have been shown to reduce disease burden. Medical therapies that can induce disease remission are still needed. Office-based procedures save time and healthcare expenses compared to like procedures in the operating room. However, the increased frequency for office-based procedures predicts similar overall healthcare costs for office-based and OR laser excision of RRP. Office-based management of RRP is a feasible and well-tolerated strategy in appropriately selected patients with adequate local anesthesia.
Introduction
Recurrent respiratory papillomatosis (RRP) is disease of benign squamous papilloma and the primary treatment is surgical. Prior to the advent and subsequent improvements in general anesthesia, endolaryngeal procedures for RRP were performed transorally, in awake patients, using mirror visualization [1] . As general anesthesia improved in the twentieth century, the surgical management of RRP transitioned to the operating room where direct laryngoscopy afforded better visualization and more complete removal of disease. However, over the past decade, advancements in fiber optics, channeled endoscopes, and laser technology have allowed for an increasing number of endolaryngeal procedures to be performed in a clinic setting. Now with the use of these improved endoscopic techniques and the incorporation of photodynamic lasers, the treatment of RRP is being delivered in an office-based setting to an unsedated patient. This technology coupled with new medical therapies continues to evolve the treatment paradigm for RRP.
The goal of this article is to review the etiology and demographics of RRP with focus on limitations of ORbased treatments. The implications of disease treatment on patient quality of life, voice outcomes, and health care associated costs will be examined, and the role office-based treatment has on improving these outcomes will be discussed. Finally, the techniques available for office-based treatment of RRP will be reviewed.
Pathophysiology, Demographics, and Presentation of RRP
RRP is a chronic viral disease characterized by the proliferation of benign squamous papilloma within the aerodigestive tract (Fig. 1a, b) . RRP occurs in both children and adults and is caused by the human papillomavirus (HPV) types 6 and 11 [2, 3] . RRP represents the most common benign tumor in children and has a bimodal age distribution, typically affecting children under the age of five and adults in the third decade of life [4] [5] [6] . Given RRP's predilection for the larynx, it can produce dysphonia or even lead to airway compromise. Hoarseness is the most common presenting symptom of RRP followed by progressive stridor. The transmission of RRP in children is usually vertical and secondary to traversing the birth canal of an infected mother or from exposure to HPV in the amniotic fluid [7] . Active condyloma at the time of birth is the greatest risk factor for transmission and in those cases the transmission rate is 1/200-400 [7, 8] . The transmission of adult onset RRP is less clear. While RRP is not thought to be a sexual transmitted disease, oral sex is a risk factor for adult onset disease [9] . Additionally, re-activation of latent HPV infection is another possible cause of disease presentation [10] . Irrespective of the etiology, RRP, and the therapy necessitated for management are a source of significant morbidity for this patient population, and new innovative treatment strategies are needed.
Limitations of Operative Microlaryngoscopy
Operative microlaryngoscopy has been a long-standing and effective therapy for RRP, but its use is limited by the requirement for an operative suite and general anesthesia. The treatment goals for RRP focus on disease regression, airway maintenance, and the preservation of voice but can vary significantly based on disease severity and individual patient preference. To achieve and maintain these goals, serial procedures are often required and a reliance on operative microlaryngoscopy presents multiple barriers in providing this treatment. On average, a child presenting with RRP will require 4.4 procedures per year, and patients with severe disease can often require operative removal of papilloma every 4-6 weeks in order to maintain a patent airway [11, 12] . This need for repeated treatments increases the cumulative risk of general anesthesia. Recovery from general anesthesia translates into missed time from work or school and can have deleterious social and financial repercussions for the patient. This can influence patients to prioritize fewer operations, accepting the subsequent vocal deterioration. Additionally, each added procedure increases the potential for treatment associated morbidity and treatment-related vocal fold scar, which has been shown to negatively impact voice quality, as well as VRQOL metrics and correlates to increased psychosocial morbidity [13] . Given this, there is a clear need for alternative treatment strategies for RRP. Therapeutic advancements that allow for effective disease treatment while reducing the treatment-related effects on patient morbidity, quality of life, and economic burden would be considered a step forward for the management of RRP.
Office-based Therapy Improves Quality of Life and Reduces Morbidity The first case series that reintroduced unsedated officebased surgical management of RRP demonstrated that a 585-nm pulse-dye laser (PDL) could safely and effectively be used in an office-based setting for treatment of RRP or dysplasia [14 • ]. In this study, 93.9 % of patients were able to tolerate PDL laser treatment with 88 % of those patients, albeit a mixed cohort of dysplasia or RRP, having disease regression [50 % [14 • ]. While this original report commented that office-based therapy was thought to be less complete compared to similar microlaryngoscopic procedures, it touted that the disease threshold for office-based intervention was lower, and patients are able to receive treatment for disease severity that would otherwise be deferred [14 • ]. Furthermore, the reported improvements in tolerance, decreased time, and potential for cost savings compared to similar microlaryngoscopic procedures made office-based management of RRP an appealing option [15] .
Office-based Management of RRP Reduces Overall Health Care Costs
In addition to improved patient tolerance, office-based treatment of RRP presents a potential overall health care savings incentive. In a time of health care reform focused on reducing waste, cost-effectiveness is a critical component needed for the acceptance of new treatment strategies. Multiple studies have described the associated cost savings of office-based laryngeal procedures, and in one study, savings of greater than $5000 dollars were realized for every procedure performed in the office versus the operating room [16] . While these procedures are less costly, they are potentially less complete and there can be a compensatory increase in the frequency of procedures, such that overall costs may end up roughly even [16] .
Concerning cost savings, it is important to recognize that the decrease in health care spending is often at the expense of the clinic secondary to reimbursements incompletely covering the associated costs of equipment, clinical staff, and laser fibers. This financial disincentive can result in fewer procedures being performed in the office [17] . To alleviate the financial constraints of office- . In all, many benefits from both a provider and patient perspective can be achieved from office-based management of RRP. However, these benefits depend on appropriate patient selection and the ability of the patient to tolerate the procedure so that adequate treatment can be delivered.
Patient Selection and Counseling for Office-based Laryngology Procedures
To improve the success of office-based management of RRP, careful deliberations should be had with each patient prior to attempting an unsedated procedure. Patient selection, counseling, and shared decision making is of critical importance in the success of office-based laryngeal surgery. This discussion should emphasize the nature of the procedure, the steps involved, and the risks, benefits, and alternatives. Informed consent should always be signed. Additionally, a patient's willingness to cooperate and anxiety should be assessed. Patients who are anxious and sensitive to diagnostic flexible laryngoscopy may be averse to unsedated procedures. Additionally, patients with a sensitive gag reflex may not tolerate an unsedated laryngeal procedure. In addition to patient preference and tolerance, anatomic and disease-specific considerations must be assessed. Patients must have an adequate nasal passage to accommodate a larger channeled endoscope and/or be able to open their mouth sufficiently so instrumentation can be passed and manipulated. Patients with mild to moderate disease burden represent ideal candidates for office-based management (Fig. 1a) . Additionally, the authors feel that a minimal amount of subglottic disease is not a contraindication for office-based treatment if the endoscope can achieve adequate access and visualization (Fig. 2) . In contrast, cases where there is a high a burden of papilloma, airway compromise, or papilloma extending into the laryngeal ventricle are not ideal candidates for office-based procedures (Fig. 1b) . While there is concern over elevated blood pressure, unsedated laryngology procedures remain a viable alternative for patients with comorbidities that increase the risk of general anesthesia (Fig. 3) . Patients with systemic anticoagulation or coagulopathy should be carefully considered prior to office-based therapy. For carefully selected patients who are willing and cooperative, office-based surgery is an excellent option for the management of RRP.
Topical and Local Anesthesia for Office-based Laryngeal Procedures
The benefit of office-based laryngeal procedures is great in the hands of an experienced surgeon; however, these skills only go as far as ones ability to gain adequate local anesthesia. The superior laryngeal nerve supplies sensory innervation to the supraglottis and glottis. In the majority of cases, appropriate laryngeal anesthesia can be obtained with the application of topical anesthetic agents. The modalities that can be used for delivery of topical anesthesia to the larynx are variable and often a reflection of physician preference. These methods include administration of 4 % lidocaine to the mucosa of the base of tongue, supraglottis, and glottis using a transtracheal approach, transorally with a curved cannula, or transnasally using the working channel port of the endoscope. Additionally, nebulized lidocaine can be administered prior to direct application to the surgical site. If 4 % lidocaine being used, its dose should typically should be capped at 5 mL (200 mg) but dosing may vary and should be calculated for every patient keeping in mind the maximum safe dose of 3 mg/kg [19] . Prior to transnasal procedures, it is important to assess nasal patency and provide local anesthesia and decongestant to the nasal cavity. All of the techniques mentioned are appropriate methods for achieving topical anesthesia and are equally tolerated by patients, and their use should be dictated by patient and physician comfort [20] . Additionally, if topical anesthesia provides inadequate comfort or cannot be achieved with a safe dosing protocol, additional local anesthesia can be achieved through a superior laryngeal nerve block as necessary [21] .
Office-based Treatment Modalities for RRP Laser Therapy
The introduction of laser technology for surgical management of RRP has evolved significantly and has improved the precision the of disease treatment. The introduction of the CO 2 laser as an operative instrument allowed for precise and hemostatic removal of papilloma [22] . While effective for disease treatment, the use of the continuous CO 2 laser in microlaryngoscopic cases had the potential for scarring of the SLP and webbing of the anterior commissure [22, 23] . Given these limitations, new technology which focuses on disease specificity and exploits the highly vascular nature of papilloma, led to the introduction of photodynamic lasers [24] [25] [26] .
As stated earlier, unsedated office-based management of RRP was reintroduced using a photodynamic 585-nm PDL [14 • ]. The use of the PDL laser for treatment of RRP was adapted from its utilization in ablation of verrucous warts [27] . It was first established in microlaryngeal surgery and was quickly adapted for office-based procedures [14 • , 28] . Photodynamic lasers offer disease-specific treatment for RRP by targeting the vascular system of papilloma through a wavelength specific for the absorption of oxyhemoglobin, which leads to coagulation of the underlying microcirculation of the papilloma [29] . Additionally, the specific wavelength and the pulsed delivery of energy limits damage to the surrounding tissue [30] . While the PDL had modest efficacy in the management of RRP, it has notable shortcomings that were magnified in office-based procedures. Specifically, the photodynamic properties of the laser were deemed unpredictable and required a very precise and consistent fiber to tissue distance, which in a conscious patient was difficult to maintain [30] . These technical features often resulted in bleeding secondary to non-uniform heating of blood vessels [29, 30] . Bleeding impairs visualization, and in the case of unsedated laryngeal procedures, stimulated patients to cough and move. Although the right aryepiglottic fold papilloma was large (a), an in office laser procedure was feasible (b). At the conclusion of the office-based KTP treatment (c), a small amount of residual papilloma was present, which resolved completely by follow-up at 3 weeks (d) Furthermore, blood absorbs the laser energy thus limiting its effect on the underlying papilloma.
Given these limitations of the 585-nm PDL, a shorter wavelength and longer pulsed 532-nm potassium titanyl phosphate (KTP) laser was trialed and subsequently, adopted for the management of RRP [29, 30] . The KTP laser is superior to the 585-nm PDL secondary to a more predictable photodynamic profile. The 532-nm wavelength is more preferential absorbed by oxyhemoglobin, and the increased pulse length allows for more consistent intravascular coagulation, decreased bleeding, and less damage to surrounding epithelium [31 •• , 32] . Additionally, the KTP laser is a solid-state device making it more mechanically sound and less prone to mechanical failure. Given its superiority to the PDL, the KTP laser has gained significant popularity for the treatment of RRP in microlaryngeal and office-based surgery and now represents the preferred laser treatment modality for office-based management of RRP.
Adjuvant Medical Therapy
Medical therapies for the treatment of RRP have been investigated and their use in office-based procedures has been described. While surgery therapy remains the mainstay of treatment, it is not curative, and repetitive procedures are still necessitated. Given the added risk of each additional procedure, medical therapies modifying the disease course are of high value. The antiviral agent Cidofovir (Vistide) and the antiangiogenic agent Bevacizumab (Avastin) have received much attention as potential adjuvant therapies for RRP. Given that these therapies are not curative, the goal of their use is to slow disease progression and limit the number of procedures.
Intralesional Cidofovir
Given the viral etiology of RRP antiviral therapy has been of interest. Cidofovir, an acyclic nucleoside phosphonate that inhibits viral DNA replication by inhibition of DNA polymerase, has been commonly utilized. Cidofovir has a broad range of activity against DNA viruses, including HPV. Investigations of the mechanism of action of cidofovir in HPV-related disease are unclear. However, it is proposed that Cidofovir functions by incorporating itself into genomic DNA causing genetic instability and leads to apoptosis [33] . Its selectivity for HPV-positive cells is hypothesized to be related to decreased cell cycle regulation and DNA repair mechanisms in HPV-infected cells leaving the HPV-infected cells more susceptible to cidofovir-induced apoptosis [34] .
Cidofovir use as a sublesional injection for the treatment of RRP was first introduced in 1998 [35] . There have been multiple case series and retrospective studies evaluating cidofovir's efficacy and safety in both the adult and pediatric RRP populations. Many of these studies have demonstrated promising results showing increased rates of remission, decreased disease severity scores, and a reduction in the number of procedures needed [35] [36] [37] . Conversely, the only randomized control trial evaluating the efficacy of cidofovir compared to placebo for the treatment of RRP did not demonstrate a significant difference in treatment [38] . Additionally, concerns over potential-negative side effects exist. While rare when used intralesionally, nephrotoxicity and neutropenia are potential side effects of cidofovir. Additionally, reports of increased rates of dysplastic change and malignant degeneration in papilloma treated with cidofovir has been a concern; however, these this has failed to be substantiated [38] [39] [40] . Finally, reports of long-term vocal fold scarring resulting in intractable hoarseness have been presented and some feel that this is an underreported side effect of intralesional cidofovir [41] . While cidofovir may be administered as part of office-based therapy, we feel the lack of evidence of its efficacy combined with its risks leave no role for cidofovir in office-based management of RRP.
Intralesional Bevacizumab (Avastin)
The dense microcirculatory system found within papilloma represents a potential target for medical treatment of RRP and is the target of intralesional bevacizumab. Given the role of vascular endothelial growth factor (VEGF) in angiogenesis and its increased expression in papilloma, this pathway represents an attractive target for medical therapy [42] . Bevacizumab is a humanized monoclonal antibody specific for VEGF that acts to block interaction with its target receptor. Bevacizumab has been used as systemic therapy for adjuvant treatment of malignant neoplasms, as well as locally for angiogenic disease of the eye [43, 44] . Bevacizumab was introduced for off-label use in the management of RRP in 2009. A cohort of 10 patients receiving officebased therapy for RRP with a prior history photoangiolytic treatment, underwent adjuvant sublesional injection of bevacizumab at a dose of 5-10 mg every 4-6 weeks. This administration resulted in a 90 % reduction in recurrence and a 40 % clinical resolution rate at 8-10 weeks. Additionally, only two (of 10) patients required continued photoangiolytic therapy; the others were maintained on bevacizumab injection alone [41] . Further studies, prospective in nature, have continued to demonstrate similar results of adjuvant intralesional bevacizumab [45 •• ] .
The initial studies of intralesional bevacizumab appeared promising; however, safety profiles and standard dosing schedules were incomplete. To address this, Best et al. followed 43 patients undergoing 100 consecutive high dose (range 15-88 mg) sublesional bevacizumab injections for the treatment of RRP, 83 of them being office-based administrations. Serum chemistries and hematology were followed after each injection in a group of 18 patients. The remaining 25 patients were reviewed in a retrospective fashion for indications of potential complications. At the conclusion, no significant physiological, hematological, or local adverse reactions were identified in either group indicating that intralesional administered of bevacizumab is safe even at higher dosing [46] .
The above information suggest that bevacizumab injection is an effective adjuvant to KTP laser therapy for the treatment of RRP and is capable of decreasing disease severity and the reducing the number of required procedures. While the data support the use of adjuvant bevacizumab no distinct guidelines exist on when to initiate its use. However, these authors feel if disease severity cannot be controlled and necessitates four or more procedures per year, the addition of bevacizumab should be considered. Finally, the off-label use of bevacizumab for the management of RRP must be clearly explained as part of informed consent [47] .
The HPV Vaccination and RRP
Vaccination against HPV has become commonplace for the prevention of cervical cancer. The quadrivalent vaccine, gardasil, has immunogenicity against the HPV-6 and HPV-11 strains which are implicated in the pathogenesis of RRP. While not technically an office-based procedure, HPV vaccination against those particular strains has been proposed to be protective against the development of RRP and that routine vaccination will reduce the incidence [48] . Interestingly, recent studies have investigated the vaccines potential as a treatment modality for patients already suffering from RRP. In this study, it was demonstrated that the vaccination could increase antibody titers against the HPV-6 and 11 to levels higher than that with native infection alone [49] . In a retrospective study that investigates the addition of Gardasil during treatment of RRP, patients experience longer intervals between surgery and 40 % experienced complete remission [50] . While data supporting the use of HPV vaccination for the treatment of RRP is nearly absent, the topic does merit discussion and future investigations.
Conclusions
RRP represents a challenging and often unremitting disease that requires multiple procedures to maintain airway patency and intelligible voice. Surgery is the primary treatment strategy and recent advances in flexible laryngoscopy and laser technology have allowed for a return to office-based procedures that were performed prior to the advent of general anesthesia. Surgical care of RRP may now be conducted safely and effectively in an unsedated patient therefore removing the risk and morbidity of general anesthesia. Additionally, photodynamic lasers, such as the 532 nm KTP laser that allow for targeted therapy, can be safely and effectively used in a clinic-based setting. Therapies such as bevacizumab, which focus on diseasespecific pathways and can be easily administered in an office-based setting, serve as promising adjuvant therapies to surgical intervention. In all, the transition to unsedated office-based management of RRP has allowed for decreased health care costs, improved patient quality of life, and improved physician efficiency.
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